Study Design Literature review. Objective Since the 1970s, spine surgeons have commonly required 6 weeks of failed conservative treatment prior to considering surgical intervention for various spinal pathologies. It is unclear, however, if this standard has been validated in the literature. The authors review the natural history, outcomes, and cost-effectiveness studies relating to the current standard of 6 weeks of nonoperative care prior to surgery for patients with spinal pathologies. Methods A systematic Medline search from 1953 to 2013 was performed to identify natural history, outcomes, and cost-effectiveness studies relating to the optimal period of conservative management prior to surgical intervention for both cervical and lumbar radiculopathy. Demographic information, operative indications, and clinical outcomes are reviewed for each study. Results A total of 5,719 studies were identified; of these, 13 studies were selected for inclusion. Natural history studies demonstrated that 88% of patients with cervical radiculopathy and 70% of patients with lumbar radiculopathy showed improvement within 4 weeks following onset of symptoms. Outcomes and cost-effectiveness studies supported surgical intervention within 8 weeks of symptom onset for both cervical and lumbar radiculopathy. Conclusions There are limited studies supporting any optimal duration of conservative treatment prior to surgery for cervical and lumbar radiculopathy. Therefore, evidence-based conclusions cannot be made. Based on the available literature, we suggest that an optimal timing for surgery following cervical radiculopathy is within 8 weeks of onset of symptoms. A shorter period of 4 weeks may be appropriate based on natural history studies. Additionally, we found that optimal timing for surgery following lumbar radiculopathy is between 4 and 8 weeks. A prospective study is needed to explicitly identify the optimal duration of conservative therapy prior to surgery so that costs may be reduced and patient outcomes improved.
Introduction
Since the 1970s, spine surgeons have commonly required 6 weeks of failed conservative treatment prior to surgical intervention for various spinal pathologies.
1 However, it is unclear whether this standard has been validated in the literature. We reviewed two common spinal pathologies, namely cervical and lumbar radiculopathy, to determine if the current literature supports the standard practice of waiting at least 6 weeks prior to operating. Few studies have looked at these two topics, and all of them are insufficient to validate the standard. The literature is currently unclear as to why 6 weeks of conservative management prior to surgery has become the standard of care for spine surgeons. Due to the limited evidence and recent controversy regarding the necessity of 6 weeks of conservative management prior to surgery, we reviewed studies investigating natural history, outcomes, and cost-effectiveness to identify if possible the optimal duration of conservative treatment.
Methods
A Medline review of the English-language literature between 1953 and 2013 was performed to provide a comprehensive review of studies of natural history, outcomes, and costeffectiveness related to the recommendation of 6 weeks of conservative therapy prior to spinal surgery. The terms used for these inquiries included "conservative treatment AND spine surgery," "conservative treatment AND spine surgery AND six weeks," "natural history AND radiculopathy," "natural history AND cervical radiculopathy," "natural history AND lumbar disk herniation," "prognosis AND cervical radiculopathy," "prognosis AND lumbar disk herniation," "prognosis AND cervical radiculopathy AND surgery," "prognosis AND lumbar disk herniation AND surgery," "cervical radiculopathy AND surgical outcomes," "lumbar disk herniation AND surgical outcomes," "cost effectiveness AND cervical radiculopathy," and "cost effectiveness AND lumbar disk herniation." Reference lists of key articles were also systematically checked for further studies on the history of the 6-week recommendation as well as the other study types relating to this review. All articles that outlined the natural histories, outcomes, and cost-effectiveness of cervical radiculopathy and lumbar disk herniation with radiculopathy were identified. Natural history studies of the two pathologies were included to see if natural histories support the recommendation of 6 weeks of conservative management.
A total number of 2,204 conservative treatment studies, 261 natural history studies, 2,735 prognosis studies, 430 surgical outcome studies, and 89 cost-effectiveness studies for a total of 5,719 studies were identified. The studies that provided natural histories based on consecutive computed tomography of disk herniations were excluded due to disagreement in the literature as to how imaging relates to symptoms. Studies looking at natural histories, outcomes, or cost-effectiveness over periods of 6 months or greater were excluded, as this time does not fall within the current guidelines of 6 to 12 weeks of conservative management. Case reports, surgical series with fewer than five patients, literature reviews, basic science, and animal studies were all also excluded. After exclusion, 13 studies remained. Each study was then reviewed and analyzed for clinical diagnosis, demographic information, method of obtaining results, operative indication, and clinical outcomes.
Results
The natural histories of both cervical radiculopathy and lumbar disk herniation with radiculopathy are presented to help identify the duration within which patients tend to improve without surgery. Patient outcomes and cost-effectiveness studies based on duration of conservative treatment or symptoms prior to surgery are also reviewed to identify the optimal length of time for conservative management.
Cervical Radiculopathy
Cervical radiculopathy is a common spinal disorder with an annual incidence of 107.3 per 100,000 for men and 63.5 per 100,000 for women.
2 It is sometimes treated surgically following 6 weeks of conservative treatment.
3 Studies relating to the natural history of cervical radiculopathy as well as patient outcomes and cost-effectiveness of surgery were examined. Only one study reviewed optimal duration of conservative management prior to surgery based on the natural history of cervical radiculopathy. Spurling and Segerberg prospectively investigated 110 patients with cervical radiculopathy who were treated conservatively with 7 to 10 days of bed rest and traction and found that 88% (97/110) had symptom improvement based on subjective patient and investigator perception within the first 4 weeks. 4 This study suggested that a large number of patients may experience relief in symptoms within the first month of conservative management, but more studies investigating the natural history of patients at other periods within 4 weeks are needed before evidence-based conclusions can be made. Studies that analyzed surgical outcomes based on duration of time before surgery were reviewed to find the optimal time prior to surgery for cervical radiculopathy. Two studies consisting of 279 patients were identified. Räsänen et al prospectively studied 169 patients who were surgically treated for cervical radiculopathy. 5 The authors determined that the 88 patients (52%) who waited less than 60 days before surgical intervention showed greater improvement in the 15 dimensional health-related quality of life (HRQOL) score compared with the 81 patients (48%) who waited more than 60 days before surgery (0.05 compared with 0.02). The group who waited less than 60 days also gained higher quality-adjusted life years (QALYs; 1.68 compared with 0.70). Spurling and Segerberg followed 110 patients, 12% (13/110) of whom were referred to surgery within the first month of conservative treatment due to a lack of perceived symptom improvement. patients will require surgery. Together, the two aforementioned studies support an optimal duration of 4 to 8 weeks of conservative management prior to surgical intervention; however, both studies do little to determine the optimal duration for nonoperative care for patients with cervical radiculopathy. The study by Räsänen and colleagues also investigated direct costs of surgery for cervical radiculopathy. 5 The authors found that the cost per QALY gained for patients who underwent surgery within 60 days (88/169 patients) was €1992, whereas in those cases where surgery was delayed (81/169 patients), the cost per QALY was €4836, again illustrating the benefit of performing surgery within 8 weeks following onset of symptoms for cervical radiculopathy.
Lumbar Disk Herniation with Radiculopathy
Lumbar disk herniation with radiculopathy is a common spinal disorder with an annual incidence of 1.44 per 100 individuals and an annual prevalence of 2.21%. 6 Similarly to cervical radiculopathy, it is sometimes treated surgically following 6 weeks of conservative treatment. Studies relating to the natural history, surgical outcomes, and surgical costeffectiveness of lumbar disk herniation with radiculopathy were examined.
Natural History
Three studies consisting of 426 patients were identified investigating the natural history of lumbar disk herniation with radiculopathy. Vroomen et al prospectively studied 183 patients with sciatica who were randomly assigned to bed rest or normal activities. 7 The authors found that 70% (64/92) of patients assigned to bed rest and 65% (59/91) of patients assigned to normal activities improved within 2 weeks and that 87% (80/92 patients and 79/91 patients, respectively) of both groups improved by 12 weeks. Improvements were based on subjective patient and investigator perception, and the two different nonoperative treatment techniques failed to yield statistically significant differences. Weber and colleagues prospectively studied 208 patients with acute sciatica who were treated with 1 week of bed rest and found that 70% (146/208) of patients had symptom improvement (as measured by visual analog scale and Roland's functional tests) within 4 weeks. 8 Hakelius assessed 38 patients with sciatica who were treated conservatively with bed rest, a corset, and physical therapy. 9 At 24 weeks, the author established that 88% (33/38) of the patients were symptom-free based on patient perception (►Table 1). These three studies varied considerably in terms of design, reporting, and execution. Given this heterogeneity, direct comparison of data across studies was not possible. However, based on the studies, 70% of patients treated conservatively had improvement at both 2 weeks and 4 weeks following onset of symptoms. By 12 weeks, 87% of patients improved, and between 12 weeks and 24 weeks, the rate of improvement among patients stabilized at 87 to 88%.
This aforementioned timeline correlates well with the randomized control study by Weber. 10 The author reported that 3 months was sufficient to decide against surgery in 80% of the conservatively treated patients who had good and fair results (based on a survey of patient satisfaction). However, Weber also noted that the conservatively treated patients who did not improve during this time would spend this period in pain, with possible psychosocial consequences. The author believed that data regarding prognostic indicators such as demographic information and physical exam findings could quantify the likelihood of a patient failing conservative treatment and could therefore help to determine the appropriateness of earlier surgical intervention. However, the author did not find any significant differences among 24 variables studied. Based on the available natural history studies, a nonoperative period of 2 to 12 weeks following the onset of symptoms is reasonable prior to surgical intervention.
Outcomes
Six studies consisting of 808 patients investigated optimal duration of conservative management prior to surgery based on patient outcomes for patients with lumbar disk herniation with radiculopathy (►Table 2). Rothoerl et al prospectively studied 219 consecutive patients who underwent surgery for lumbar disk herniation and radiculopathy. 11 The authors found that patients waiting more than 60 days prior to surgical intervention had significantly worse functional Prolo Scale scores than patients waiting 60 days or less. Patients who had surgery within the first 30 days of developing symptoms had better Prolo scale scores, but this was not a statistically significant effect (p < 0.139). Hurme and Alaranta prospectively evaluated 235 surgically treated patients and found that patients who were operated on before 8 weeks' duration of sciatica reported a greater improvement in indices of pain, activities of daily living (both modified from the indices of Bergquist-Ullman and Larson), and a combination index for pain and working capacity compared with those operated on after 8 weeks. 12 Räsänen and colleagues prospectively studied 101 patients who were surgically treated for lumbar radiculopathy. In the 43 patients who underwent surgery within 60 days following the onset of their symptoms, HRQOL scores were greater (0.08 compared with 0.05), QALYs were greater (2.50 compared with 1.64), and cost per QALY was less (€1351 compared with €2182) compared with the 58 patients who waited longer than 60 days for surgery. 5 Fisher et al prospectively studied 82
patients with lumbar disk herniation with radiculopathy and found that patients who had surgery within 3 months of symptom onset had better HRQOL scores (based on the North American Spine Society instruments Neurogenic Symptoms Score and Pain/Disability Score and Short Form-36) compared with patients who were operated on later after symptom onset (following 3.1 to 6 months, 6.1 to 9 months, or 9.1 to 12 months). 13 However, Akagi and colleagues retrospectively studied 46 patients who had surgery for lumbar disk herniation before or after 3 months of symptom duration and found that there were no differences in pain or functional status based on the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.
14 The conservative treatments used prior to surgery included medication, a corset, back muscle exercises, and nerve root or epidural block with 1% lidocaine and dexamethasone (2 to 4 mg). If leg pain was unbearable or persistent, surgery was performed. Peul et al prospectively studied outcomes in 125 patients who were randomly assigned to undergo surgery either 2 weeks or 18 weeks following a mandatory period of 6 to 12 weeks of preoperative conservative management such that patients in the early surgical group had surgery following 8 to 14 weeks of conservative management and patients in the later surgical group had surgery following 24 to 30 weeks of conservative management. 15 Conservative therapy consisted of analgesics and physical therapy based on the needs of the patient. During the first year, the early surgery group had faster recovery times compared with the later surgery group based on results from a survey sent to patients. The studies by Rothoerl et al, 11 Hurme and Alaranta, 12 and
Räsänen et al 5 recommended surgery within 60 days following the onset of symptoms. Data from the study by Rothoerl et al suggested that outcomes may be even better if surgery is performed prior to 30 days following onset of symptoms. There are two anatomically distinct types of lumbar disk herniation, contained and noncontained. Two studies consisting of 669 patients investigated optimal duration of symptoms prior to surgery for patients with contained versus noncontained lumbar disk herniation. Folman and colleagues retrospectively studied 63 patients with surgery for lumbar disk herniation. 16 They found that patients with noncontained herniations (29/63 patients) with a preoperative symptom duration of 6 weeks or less (13/29 patients) showed a greater decrease in radicular pain according to the visual analog score (8.3 versus 6.5) and better functional outcomes according to patient survey (96.4% good or fair versus 74.3% good or fair) compared with patients who had surgery 6 to 12 weeks following onset of symptoms (16/29 patients). Patients with contained lumbar disk herniations all had a history of symptom length greater than 12 weeks prior to surgery. Nakagawa and colleagues retrospectively studied 606 patient records over an 11-year interval in which the length of in-hospital conservative treatment prior to surgery was extended. 17 Conservative treatment consisted of antiinflammatory medication and bed rest, and surgery was performed if a patient had intolerable pain. At the beginning of the period investigated, patients were operated on as soon as possible, but this interval was extended several weeks during the 11-year interval under investigation. The authors found that surgery rates for noncontained lumbar disk herniation showed a statistically significant decline, especially within the first 4 weeks, whereas surgery rates for contained lumbar disk herniation did not change significantly. This led the authors to conclude that with noncontained lumbar disk herniation, conservative treatment should be longer than 4 weeks, whereas with contained lumbar disk herniation, conservative therapy should be less than 1 month. These two studies indicated that surgery should be performed between 4 and 6 weeks of symptom duration for noncontained lumbar disk herniations but within 4 weeks for contained lumbar disk herniations. Jönsson and Strömqvist prospectively studied 200 disk herniations that were classified as either contained or noncontained. 18 The authors reported that patients with quick onset of severe pain typically had noncontained lumbar disk herniations, which is likely why patients with contained lumbar disk herniations had a longer duration of symptoms prior to presentation in the Folman et al study.
16
In addition to the previously mentioned studies recommending various lengths of conservative treatment prior to surgery, Vroomen et al found several preoperative patient characteristics that predicted success of conservative management for lumbar radiculopathy. 19 The authors reported that decreased pain at night, symptom improvement by first office visit, decreased pain with applied pressure, and a greater body mass index were all predictors of positive outcomes at 2 weeks following conservative treatment. In contrast, duration of disease longer than 30 days, a positive straight leg raise, and a positive reversed straight leg raise were indicative of a poor prognosis at 3 months following conservative treatment. These prognostic indicators may be useful in assessing the likelihood of patients improving following conservative treatment. These prognostic factors are useful given the previously mentioned natural history studies that suggest that most patients improve within 2 weeks and another subset of patients improve at 4 to 12 weeks. For example, these data suggest that it would be appropriate to operate on patients with a positive straight leg raise at 2 weeks as even with 10 additional weeks of conservative therapy they have a low likelihood of improving. However, these data are insufficient to warrant early surgical intervention by themselves, as none of the outcomes studies examines surgical intervention within this period.
Cost-Effectiveness
Two studies consisting of 384 patients investigated the costeffectiveness of lumbar disk herniation with radiculopathy relating to optimal duration of conservative management prior to surgery. Van den Hout et al compared 6 months of prolonged conservative care versus surgery following 6 to 12 weeks of conservative treatment in 283 patients. 20 Conservative treatments were limited to analgesics unless the patient feared the possibility of the symptoms worsening, in which case physical therapy was prescribed. The authors found that early surgery resulted in $2,832 more per patient and a cost per QALY gained of $64,000. Costs were estimated based on diaries kept by patients to measure all direct and indirect costs including informal care and absenteeism from work. The authors concluded that the faster recovery rate from sciatica made early surgery cost-effective compared with prolonged conservative care. Räsänen et al measured direct hospital costs and found that in patients who had surgery within 60 days, the mean cost per QALY was €1351 compared with €2182 in patients who were operated on after 60 days of symptoms. 5 Indirect costs were not included within the study. Although Van den Hout et al identified greater costs associated with surgery relative to conservative management, they concluded that surgery was cost-effective due to the improvement in patient recovery rates and faster return to work. 20 The studies by Räsänen and colleagues 5 and Van den Hout et al 20 both indicated that a period of conservative treatment of less than 6 to 12 weeks is more cost-effective relative to prolonged conservative treatment (i.e., greater than 6 months).
Discussion Background
In a study examining surgical practices at one hospital between 1971 and 1977, Lunsford and colleagues stated that lateral cervical disk herniation was treated surgically only after 6 weeks of failed conservative treatment. 1 The reasons for this period, however, were not stated. A 1972 article by Murphy and Gado investigating anterior cervical diskectomies similarly established a protocol requiring patients to be immobilized for 6 weeks in a collar prior to surgery. 21 Similarly, this was not substantiated by scientific evidence. By 1996, Saal discussed that an "arbitrary" 2-to 8-week period of conservative treatment was the standard prerequisite for considering spine surgical treatment. 22 Saal outlined his own experiences regarding patient natural history and concluded that a patient with neurologic loss not improving in 6 weeks is a candidate for surgery. Two years later, in a letter to the editor, Hidalgo-Ovejero and colleagues questioned this conclusion, as there were no supporting data provided for this 6-week period.
23
Recently, there has been increasing controversy regarding the effectiveness of waiting 6 weeks before proceeding with surgery. In a 2004 survey of neurosurgeons in the Netherlands, fewer than 60% agreed that general practitioners should wait 6 weeks prior to discussing surgical options with their patients with lumbar radiculopathy. 24 Seventeen percent believed that the onset of radicular symptoms following a lumbar disk herniation warranted surgery within 2 to 6 weeks, and 18% recommended surgery only after 6 weeks of failed conservative management. 24 Vader et al found disagreement between two panels of American and Swiss health experts regarding whether patients with lumbar disk herniation and radiculopathy lasting less than 6 weeks should be considered surgical candidates.
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Currently, it is standard among spine surgeons, various professional societies, certifying boards, and health insurance companies that surgery for cervical and lumbar radiculopathy should be considered only after failure of at least 6 weeks of nonoperative care in patients who remain stable neurologically. In fact, three of the largest health care providers in the United States (United HealthCare, BlueCross BlueShield, and Aetna) require a minimum of 6 but up to 12 weeks of documented nonoperative treatment prior to approving surgery for patients.
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In a study of preoperative costs before lumbar diskectomy following a herniation, Daffner and colleagues found that the average costs for preoperative treatments were $3,445 per patient, with 45% of the total charges spent on conservative treatment modalities such as injections, physical therapy, and chiropractic manipulation. 29 In theory, earlier surgery would decrease costs for patients who have greater likelihood of failing conservative management. However, methods to define potential failures are not well defined in the literature.
Recommendations
The identified studies indicate that the natural histories of cervical radiculopathy versus lumbar radiculopathy are different and accordingly should warrant different recommendations for nonoperative management. Although 88% of patients with cervical radiculopathy have improvement within 4 weeks following the onset of their symptoms, 4 only 70% of patients with lumbar disk herniation and radiculopathy improve within the same period, with an additional 20% of patients improving between weeks 4 and 12. 7, 8 This indicates that surgery following a shorter duration of symptoms may be indicated for cervical radiculopathy compared with lumbar disk herniation with radiculopathy. Despite a lack of historical data regarding the recommendation of 6 weeks of conservative management prior to surgery, evidence demonstrates improvements in patient surgical outcomes and reduced patient costs when performing surgery prior to 8 weeks of symptom duration. Räsänen and colleagues found improvements in HRQOL scores, QALYs gained, and cost per QALY gained for patients who had surgery within 60 days to treat both cervical radiculopathy and lumbar disk herniation with radiculopathy. Based on the literature discussed in this review, the standard interval of 6 weeks of conservative management prior to surgical intervention of cervical and lumbar radiculopathies is somewhat arbitrary. Of the studies that form the foundation of this standard, there is substantial heterogeneity in the study design and execution, reporting, outcomes measures utilized, as well as modalities of "conservative" care implemented. Although this review questions the scientific rationale for this standard, it also provides a trajectory for necessary future research to more clearly define the natural history of cervical and lumbar radiculopathy, the most efficacious nonoperative treatment(s), and the most cost-effective approach(es). Such efforts will either validate and invalidate the current standard, but they may also identify more efficacious and cost-effective treatments for specific patient cohorts. It is quite likely that a "standard" interval of nonoperative care will not pertain to or fit all patients with these common disease processes and that care will need to be tailored to specific, yet currently ill-defined, patient characteristics.
There were several limitations with the present review. The natural history studies included were heterogeneous in their design, including differences in follow-up time and analyses of patient improvement. Accordingly, the concept of "improvement" varied between studies, and consequently, the rate of improvement varied as well. However, the natural history data found did seem to generate a consistent timeline of improvement over the weeks following onset of symptoms. Finally, the lack of large, well-designed, prospective studies comparing various periods of conservative management prior to surgery with regards to outcomes and cost-effectiveness limit the ability to make a definitive, evidence-based conclusion based on the data presented.
Conclusions
Limited evidence exists on the optimal duration of conservative treatment prior to surgery, and therefore evidence-based conclusions on this topic cannot be made. Small, preliminary studies suggest that the optimal timing for surgery following cervical radiculopathy is within 8 weeks following onset of symptoms, but due to the high percentage of patients who exhibit relief by 4 weeks, a shorter period may be warranted. These studies also suggest that surgery for lumbar disk herniation with radiculopathy should be performed within 4 to 8 weeks for lumbar disk herniation with radiculopathy. A prospective study is needed to determine how costs and outcomes differ between patients conservatively treated for different durations. Identifying the optimal duration of conservative therapy prior to surgery will help reduce unnecessary costs for early surgeries for pathologies that would have improved with conservative management. It will also help limit the needless physical distress and cost among patients who would have benefited from earlier surgery. With welldesigned, prospective studies, these timelines can be elucidated, leading to better patient outcomes and lower healthcare costs.
